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Abstract 
The ground simulation validation is an important process during small satellite’s development. Giving 
consideration to the characteristics of small satellite and a type of ground simulation requirements, a small 
satellite hardware-in-loop simulation system based-on HLA is established. System structure, the interaction 
data table, hardware interface unit and the federal members’ flow chart are designed. The simulation and 
validation are done to a certain small satellite through the designed hardware-in-loop simulation system. 
The results show that the simulation system is able to simulate dynamics and control subsystem, power 
supply subsystem and payload subsystem and realize accessing physical equipment of control subsystem 
much better, and has good practical application value. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Kunming 
University of Science and Technology 
 
Keywords: micro-satellite; hardwire-in-loop; Simulation System; HLA.  
1. Introduction 
With the development of civil space, high-performance civilian spacecraft are needed urgently. However, 
because the private enterprises are limited by financial resources, it’s impossible to take a large investment 
to large output routine. In order to gain greater economic benefits through less investment, we have to 
improve the traditional development means that are used to design and research spacecraft. To improve the 
 
* Corresponding author. Tel.: +86-451-86402357. 
E-mail address: 13796092008@163.com. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
802  Xue Sheng et al. / Procedia Engineering 31 (2012) 801 – 806
functional density and the quality, shorten the research cycle and reduce the research costs, a lot of 
simulations and testing on the ground are necessary during the spacecraft research and development process, 
which ensure the success rate during spacecrafts running on-orbit. 
The simulation of satellite system, as an important part of the satellite development, is an effective way 
widely used to test and verify the overall satellite parameters of the space missions and the satellite system. 
Furthermore, domestic and foreign space agencies have proved that the advanced mathematical design and 
simulation techniques are important means to improve the performance of the spacecraft, ensure the 
development quality, reduce development costs and risks, shorten the development cycle and ensure reliable 
operation on-orbit[1]. 
Domestic and foreign scholars have carried out extensive research in the spacecraft simulation system, 
for example, the University of Turin(Italy) and Alenia Space have developed the parallel development 
environment to facilitate the parallel development of space missions, and the electrical company 
CAE(Canada)  has developed a graphical simulation platform of spacecraft software environment. Although 
a simple mathematical simulation is capable of meeting the needs of mission assessment, the timing of 
simulation is one of the limited factors. Hardwire-in-Loop Simulation (HIL) means that some kind of 
physical objects need accessed by mathematical simulation systems, hence, the time, interface, performance 
and other parameters will be verified by the HIL simulation platform.. In the reference 3, Wang Feng and 
his collaborators have established the hardwire-in-Loop simulation platform for the micro-satellite control 
system; In the reference 4, Chang Tong li and his collaborators have established the hardwire-in-Loop 
simulation platform for space docking. However, all of these have considered their scalability and openness. 
Researches on data storage and time management issues have been studied in reference 5 and 6, but the 
details for building large-scale systems simulation and accessing a variety of data or software have not been 
elaborated clearly. As the increasing of collaboration during the process of spacecraft research, it’s a most 
pressing issue that an open and scalable hardwire-in-loop simulation platform is required to establish. 
In view of the above requirements, the purpose of this paper is to establish simulation platform with open 
and scalable interface for micro-satellite, which is base-on HLA (High Level Architecture) framework. 
Therefore, the main work includes architecture and interfaces designing for simulation system, giving the 
system-level data flow as well as the specific task requirements of a model simulation, and then running the 
case and gain the simulation results. 
2. Framework for simulation system based-on HLA 
In order to simplify the micro-satellite system development and to achieve the future expansion and 
reuses, component of the system will be transferred to modular design in accordance with its function, 
which is based-on the characteristics and requirements of its simulation process. As for the components of 
different function, its corresponding simulation model should be designed, and a visual interface panel is 
used to control and achieve its functions. The federal member is interconnected by LAN, using MäK RTI 
3.0 as its Run Time Infrastructure. Lib RTI from RTI is loaded to each of the federal program, the service 
will be extended to developers of federation. The function that federal information exchange between the 
federal members and others is achieved through the HLA interface. 
The basic task of hardwire-in-loop simulation for micro-satellite is to complete validation for hardware 
and software of its subsystem(s). It means subsystems for a micro-satellite will be assigned to a different 
computer to complete the mathematical simulation, and the hardware sub-systems will need to be verified in 
physical form during the simulation. The data communications between the various subsystems based-on 
HLA and entire satellite system is built naturally. The hardwire-in-loop simulation for a micro-satellite 
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system based-on HLA, including eight subsystems (federations), the simulation host computer, status 
display subsystem, dynamic systems, power subsystem, satellite service subsystem, thermal control 
subsystem, payload subsystem and data management subsystem, Figure 1 shows the block diagram for 
hardwire-in-loop simulation system. 
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Fig. 1. Block diagram for simulation system 
The blocks’ function of  hardwire-in-loop simulation system is described as follows˖ 
(1) Simulation host computer taken as the management terminal during simulation is the simulation core 
part to management and control the entire models and simulation platform. Its main functions are as follows: 
x Subsystems are modeled separately, and host computer for simulation is used to delete and add the 
federation, so its functions for the subsystems simulation models are integrated into an entirety. Based-
on the parameters from pre-optimized interface, data communication protocols, according to the real 
features of physical devices, on-board data and control flow, then simulation and verification for 
System-wide and the whole process is  taken naturally. 
x In addition to the above, the host computer also the control center in the process of distributed 
simulation, is used to set simulation parameters(such as the simulation step interval, the initial orbital 
parameters, the environment perturbation considered in the simulation, thresholds for the control system, 
etc. ). 
(2) Subsystem of status display can access to satellite status parameters from the HLA/RTI, and then the 
simulation results presented to the user by STK and data sheets. What need to explain is that status 
parameters as mentioned before include orbital parameters, attitude parameters, sensor parameters and 
actuator parameters, etc. 
(3) The main function of dynamics computer is to solve the orbital dynamics model, attitude dynamics 
model, space environment models and sensor models of the satellite. 
(4)  Simulation computer of power system has established solar array model, battery and power 
controller model based-on MATLAB. Users can complete the satellite power system design and preliminary 
simulations. At the same time, module for collecting the telemetry parameters and displaying the numerical 
results using the dynamic curve of power system is established synchronously.  
(5) Flight mission system is the important subsystem of data processing and control, the success or 
failure of the micro-satellite depends on whether its performance and timing series being correct or not 
directly. The physical object for Hardwire-in-loop simulation mentioned above mainly refers to the flight 
mission system which takes SOC as the primary platform. 
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(6) Interface unit is intermediate computer for data exchange between physical hardware and HLA/RTI. 
Physical equipment mainly executing attitude and orbit control algorithms, and its hardware platform is 
SOC.  
(7) Payload subsystem computer has established the models of the satellite payloads (such as earth 
remote sensing payload and earth imaging payload, etc.), then has gained its performance of simulation and 
evaluation. This system is an important foundation for the overall mission analysis during the integration 
mathematical simulation of the whole satellite, the system can be linked with the integrated simulation. 
(8) Data management subsystem as a federation of simulation is a key member to store and access 
simulation data. Specifically, the simulation computer possess real-time database and complete the dynamic 
data collection during simulation. 
Each simulation subsystem needs to send or receive date. These data is encapsulated as an object class 
respectively, and each data corresponds to an object class attribute. Eight object classes of federation are 
defined. These data are maintained, published and ordered among federation members. The host computer 
publishes its simulation object class, which contains the user’s configuration information of the simulation 
system, the information of initial parameters and federal information. In order to show the simulation 
parameters to the user timely, the simulation host should order the federate data from Status, Dynamics, 
Payload and other federates. Other subsystems are similar to the host computer.  
3. Interface unit for physical device 
Due to the limited physical device interface, it’s difficult to access to HLA co-simulation environment 
directly. Hence, it is required to design hardware interface unit for SOC. The hardware interface units 
includes SOC management module, real-time data collection module, data conversion module, data 
distribution management module, time management module, and HLA interface, as shown in Figure 2. 
While the hardware access to the systems successfully, the interface between the hardware and HLA is 
needed, and this interface unit requires achieving the following two functions: 
(1) Function for data format conversion: in HLA, information interactive is achieved by updating and 
reflecting the objects’ attributes, sending and receiving interactive information. Usually, the performance of 
network transition is optimized through conditions updating and routing. The information exchange of 
hardware system commonly uses the custom way of sending and receiving, which is a periodical 
transmission and fixed structure. The both possess different protocols and the mechanism of information 
exchange. Therefore, interface devices are required to complete the processing of data conversion, to send 
the status of physical device and the real-time simulation data to subsystems of management and control, 
and to transfer the simulation control commands into the control instrument of the hardware meanwhile. 
(2) Functions for coordination and management of the simulation time: the physical hardware system is 
physical simulation time increasing, and each component in the simulation system increases its time by its 
means, while the time is not controllable and irreversible. RTI manages the time of every member in HLA 
centralized to ensure the event’s logic correction at federation level. In the case of hardware in HLA 
simulation loop, the time uniform is needed among HLA system time and federate members with 
independent time promotion. In other words, the events triggered by hardware system should be ensured to 
be triggered to correct place on the timeline of a member of HLA Federation, and the events for a member 
of HLA federation is ensured to correct place on the physics timeline of hardware system. 
805Xue Sheng et al. / Procedia Engineering 31 (2012) 801 – 806
SOC 
RS232 
UART 
Interface 
Unit 
Other 
system 
Other 
system 
Physical device data sample 
Data conversion 
Data distribution management 
Time management 
HLA 
Interface 
H 
L 
A 
/ 
R 
T 
I 
Event 
management 
FPGA 
Management 
 
Fig. 2. Block scheme of interface unit 
4. Simulation and verification 
Taking advantage of presented semi-physical simulation system of micro-satellite based on HLA, taking 
certain satellite model’s parameters as input conditions, an orbital period of the semi-physical simulation 
has been completed. The simulation results are shown in Figure 3. Figure 3(a) shows the execution results 
of status display federate in the micro-satellite semi-physical simulation using STK display program. Figure 
3(b) shows the result data of flywheel model in the dynamic federation and the speed and control moment 
curve of history data. The curves will be updated real-timely during the simulation. 
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Fig. 3. (a) status of micro-satellite;                           (b) curves of flywheel speed, the control torque and power 
5. Conclusion 
According to the real requirements of a micro-satellite, the hardwire-in-loop simulation system designing 
based on HLA is done. The interface unit of hardware linked to HLA/RTI simulation and the structure of 
the interface modules are designed. A full micro-satellite simulation is completed on this simulation system 
based-on Mäk RTI 3.0, and the effectiveness of semi-physical simulation based-on HLA/RTI is verified 
further. 
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